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[571 ABSTRACT

In forming a lightly-doped drain (LDD) transistor there
is first formed a thin polysilicon layer over a gate oxide
on an active region. A masking layer is deposited and
selectively etched to expose a middle portion of the
polysilicon layer. This structure can be used as part of a
process which results in a formation of an inverse-T
transistor or a conventional LDD structure which is
formed by disposable sidewall spacers. The exposed
middle portion of the polysilicon layer is used to form a
polysilicon gate by selective polysilicon deposition. The
exposed middle portion can be implanted through for
the channel implant, thus providing self-alignment to
the source/drain implants. Sidewall spacers can be
formed inside the exposed portion to reduce the channel
length. These sidewall spacers can be nitride to provide
etching selectivity between the sidewall spacer and the
conveniently used low temperature oxide (LTO) mask.

4 Claims, 4 Drawing Sheets
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MOS TRANSISTORS USING SELECTIVE
POLYSILICON DEPOSITION

FIELD OF THE INVENTION

The invention relates to MOS, integrated circuit,
transistor device structures, and more particularly, to
integrated circuits which include device structures of
MOS transistors which have a lightly-doped drain
(LDD).

BACKGROUND OF THE INVENTION

In the typical manufacture of lightly-doped drain
(LDD) transistors, a first layer of polysilicon is etched
to form a gate, and source and drain regions are lightly
doped using the gate as a mask. Then sidewall spacers
are formed by forming oxide on the sides of the polysili-
con gate. The sidewall spacers act as a mask for a subse-
quent heavy implant so that a portion of each of the
source and drain regions is heavily doped. One of the
main purposes of using LDD transistors is to reduce the
number of hot electrons which are generated. In LDD
structures, however, the generation of hot electrons can
be an even bigger problem than in structures which
have a heavily-doped drain immediately adjacent to the
channel. The hot electrons which are generated by
impact ionization get into the oxide immediately above
the lightly-doped regions of the LDD structures and
modulate the series resistance which reduces the trans-
conductance of the transistor. One solution to this prob-
lem has been disclosed in an article, “A New LDD
Transistor With Inverse T-Gate Structure,” Tial-Yuan
Huang et al, IEEE Electron Device Letter, Vol. EDL-8,
No. 4, Apr. 1987. In that case the structure involved an
inverse T-shaped polysilicon gate which had a thick
portion over the channel and a thin portion which was
implanted through by the first implant to form the light-
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ly-doped portions of the source and drain. Sidewall -

spacers were formed on the thick portion of the polysili-
con gate for the mask for the second, heavy implant.

The inverse-T structure, however, has been difficuit
to reproduce. Thus, the advantages of the structure
have been difficult to commercialize because of the
absence of a process which could reliably reproduce the
inverse-T structure. One of the proposed methods is to
stop etching polysilicon when the polysilicon becomes
sufficiently thin. This has not been effective as a manu-
facturing process because of the difficulty of controlling
etch rates with the required precision. The etch rate
varies even over a single wafer. Thus wafer-to-wafer
variation and lot-to-lot variation of polysilicon etch
rates has not been considered feasible to control to the
degree necessary.

Another problem in LDD structures has been the
difficulty in removing sidewall spacers without causing
adverse effects. There are situations, however, in which
it is desirable to remove the sidewall spacers. One such
example is integrated circuits which have an on-board
memory array of floating gate transistors. In such situa-
tions, the floating gate transistors which comprise the
array use hot electrons to advantage so that the LDD
structure is undesirable for these transistors which com-
prise the array, whereas it is desirable for the peripheral
circuits to have LDD transistors. In order to make the
floating gate transistors non-LDD it is necessary to
remove the sidewall spacers prior to a heavy source/-
drain implant.
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SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention
to provide an improved structure at a stage in process-
ing in the manufacture of integrated circuits which have
LDD transistors.

It is another object of the present invention to pro-
vide an improved process for making integrated circuits
which have LDD transistors.

It is yet another object of the invention to provide an
improved method for making an inverse-T transistor.

In carrying out these and other objects of the inven-
tion, there is provided, in one form, a method for form-
ing a device structure in an active region. An insulator
is formed over all of the active region. A polysilicon
layer is formed over the insulator layer and over all of
the active region. A masking layer is formed over the
polysilicon layer to cover all of the active region. An
intermediate portion of the masking layer is etched
away to leave a first portion and a second portion of the
polysilicon layer over the active region covered by the
masking layer and to exposed a third portion of the
polysilicon layer over the polysilicon layer between the
first and second portions. :

In carrying out these and other objects of the inven-
tion, there is provided, in another form, a device struc-
ture formed in an active region in a substrate at a stage
in processing. There is an insulator layer over all of the
active region. A polysilicon layer is over the insulator
layer and over all of the active region. A masking layer
covers a first portion and a second portion of the
polysilicon layer over the active region. The first por-
tion and the second portion are separated by a third
portion of the polysilicon layer over the active region
not covered by the masking layer.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-section of a device structure formed
in a substrate at a preliminary state in processing ac-
cording to the prior art;

FIG. 2 is a cross-section of the device of FIG. 1ata
later stage in processing according to a preferred em-
bodiment of the invention;

FIGS. 3 is a cross-section of the device of FIG. 2 at
a subsequent stage in processing according to one exten-
sion of the device of FIG. 2;

FIG. 4 is a cross-section of the device of FIG. 3ata
stage in processing according to one extension of the
device of FIG. 3; .

FIGS. 5 is a cross-section of the device of FIG. 4 at
a subsequent stage in processing according to one exten-
sion of the device of FIG. 4;

FIG. 6 is a cross-section of the device of FIG. 5at a
stage in processing according to one extension of the
device of FIG. §;

FIGS. 7 is a cross-section of the device of FIG. 2 at
a subsequent stage in processing according to another
extension of the device of FIG. 2;

FIG. 8 is a cross-section of the device of FIG. 7 at a
stage in processing according to one extension of the
device of FIG. 7;

FIGS. 9 is a cross-section of the device of FIG. 8 at
a subsequent stage in processing according to one exten-
sion of the device of FIG. §;

FIGS. 10 is a cross-section of the device of FIG. 3 at
a subsequent stage in processing according to another
extension of the device of FIG. 3;
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FIG. 11 is a cross-section of the device of FIG. 10 at
a stage in processing according to one extension of the
device of FIG. 10; and .
FIGS. 12 is a cross-section of the device of FIG. 11 at
a subsequent stage in processing according to one exten-
sion of the device of FIG. 11.

DETAILED DESCRIPTION OF THE
INVENTION

Shown in FIG. 1 is a cross-section of a portion 10 of
an integrated circuit at a stage in processing comprised
of a P-substrate 11, a field oxide region 12, a field oxide
region 13, an active region 14 between field oxide re-
gions 12 and 13, a gate oxide layer 16 over active region
14, and a relatively thin polysilicon layer 17 over gate
oxide layer 16 in active region 14 and over field oxide
regions 12 and 13. The cross-section of FIG. 1 s for the
formation of a single transistor of an integrated circuit.
The integrated circuit itself can be CMOS and in fact
the preferred embodiments described hereinafter con-
template that the integrated circuit is CMOS. Substrate
11 of FIG. 1 can be a well in the integrated circuit is
CMOS. Furthermore the preferred embodiments de-
scribed are structures and methods for making a single
N channel transistor. The structures and methods are
also applicable for making P channel transistors.

After a layer of low-temperature oxide (LTO) is
deposited and etched there is then a first poriion 18 of
LTO and a second portion 19 of LTO as shown in FIG.
2. Although LTO is described as being used, another
material, such as tetraethylorthosilicate (TEOS) may be
use instead. The etched area leaves a void region 21
between portions 18 and 19 of L'TO. There is then a
portion 22 of polysilicon layer 17 under portion 18 of
LTO and over active region, 14, a portion 23 of polysili-
con layer 17 under portion 19 of LTO and over active
region 14, and a portion 24 of polysilicon layer 17 under
region 21 and over active region 14. After the etch
which creates region 21, there is a P-type channel im-

plant to create a P region 25 under portion 24 of

polysilicon layer 17. This channel implant could also be
N-type, especially for P channel transistors. Portions 18
and 19 of LTO act as a mask during the implant. In the
prior art the channel implant was performed after either
an oxide layer was formed over the active region or
after an thin polysilicon layer was formed over the
oxide layer and thus the channel implant went into the
entire active region. In lightly-doped drain (LDD)
structures this may be a concern for short-channel de-
vices because the lightly-doped portions of the LDD
structure can be significantly affected by the moderate
doping level of the P-type channel implant. Region 25
shown in FIG. 2 is confined to the channel region of a
transistor to be subsequently formed. Consequently,
region 25 does not adversely affect the lightly-doped
portions of the subsequently formed lightly-doped
drains.

A selective polysilicon deposition is performed so
that polysilicon is deposited in region 21 on portion 24
of polysilicon layer 17 to result in the formation of a
polysilicon gate 26. Selective polysilicon deposition is a
technique known in the art in which polysilicon is de-
posited only where there is exposed silicon present.
Thus, during a selective polysilicon deposition, polysili-
con is not deposited on portions 18 and 19 of LTO. No
mask is required to prevent the depositing of polysilicon
on non-silicon surfaces. Although selective polysilicon
deposition is a known technique, it has not been widely
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used in manufacturing. The normal technique for form-
ing a polysilicon gate is to form a layer of polysilicon
over the entire integrated circuit and then etch away
unwanted portions which are not covered by photore-
sist. During the etch process the polysilicon that is cov-
ered by the photoresist can be made narrower than
polysilicon formed by selective polysilicon deposition
using the same lithograph. Thus gate lengths can be
made smaller for a given lithography limitation using
polysilicon defined by an etch. As gate lengths become
narrower, however, lithography may not be as signifi-
cant in limiting the length as the ability of the resulting
transistor to actually perform at the narrower length.
One advantage of the structure in FIG. 2 is that only the
channel is implanted which may sufficient reason to use
that structure in processing a transistor than the con-
ventional structure. Layer 17 is shown and described as
being polysilicon but that does not preclude the use of
additional material such as a refractory metal to be used
in combination with layer 17. Similarly, additional ma-
terial, such as a refractory metal, may be used with
selectively deposited polysilicon 26.

Portions 12 and 13 are then removed as shown in
FIG. 4. After portions 12 and 13 have been removed, an
N-implant is performed, using polysilicon gate 26 as a
mask, to form a source region 27 under portion 22 of
polysilicon layer 17 and a drain region 28 under portion
23 of polysilicon layer 17 as shown in FIG. 4. Sidewall
spacers 31 and 32 are then formed along sidewalls of
polysilicon gate 26 as shown in FIG. 5. Sidewall spaces
31 covers a portion of source region 27 adjoining chan-
nel region 25. Sidewall spacer 32 covers a portion of

_drain region 28 adjoining channel region 25. After for-

mation of sidewall spacers 31 and 32, a heavy implant is
performed to form heavily-doped region 33 in source
region 27 and heavily-doped region 34 in drain region
28. An advantage of the structure of FIG. 5 is that
charge that is developed by implanting is bled off by
polysilicon layer 17. Charge accumulation which can
occur during an implant can actually become suffi-
ciently large to breakdown and thus damage oxide insu-
lating layers. Another advantage is that gate oxide layer
16 is protected from being damaged by the implant.
There is then left a lightly-doped portion 36 in source
region 27 and a lightly-doped region 37 in drain region
28. Portions 36 and 37 are under sidewall spacers 31 and
32, respectively, both of which act as a mask during this
heavy implant. Polysilicon gate 26 also acts as a mask so
that channel region 25 is unaffected by the heavy im-
plant. :

Sidewall spacers 31 and 32 and polysilicon gate 26
also act as mask for a polysilicon etch which follows.
The polysilicon etch removes portion of polysilicon
layer 17 which are over heavily-doped portion 33 and
heavily-doped portion 34. This leaves a portion 38 of
polysilicon layer 17 under sidewall spacers 31 and 32
and polysilicon gate 26 as shown in FIG. 6. This result-
ing structure is an inverted-T transistor 39. Thus it is
seen that from the structure in FIG. 2, an inverted-T
transistor can be made. Although the particular combi-
nation of processing steps used in developing inverted-
T transistor 39 from the structure in FIG. 2 is unique,
each individual step uses a technique which is known in
the art.

Shown in FIG. 7 is a portion 40 of an integrated
circuit at a stage in processing with a variation on the
process depicted in FIGS. 3-16. Portion 40 comprises
elements analogous to those of portion 10 of FIG. 2 as
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follows; a P-substrate 41, a field oxide region 42, a field
oxide region 43, an active region 44 between field oxide
regions 42 and 43, a gate oxide layer 46 over active
region 44, a polysilicon layer 47 over gate oxide layer
46, a region 48 of LTO, a region 49 of LTO, a void
region 51 between regions 48 and 49 of LTO, a portion
52 of polysilicon layer 47 under region 48 of LTO, and
a portion 53 of polysilicon layer 47 under region 49 of
LTO. The structure of FIG. 2 shows a layer of LTO
which has been etched to form regions 18 and 19. Each
of these regions has a sidewall. Similar sidewalls are
shown in FIG. 7 as a sidewall 54 and a sidewall 55.
Sidewall spacers 56 and 57 are formed adjoining side-
walls 54 and 55 and separated by a portion 58 of
polysilicon layer 47. Sidewalls spacers 56 and 57 are
made from a layer of material such as nitride which has
been subjected to a reactive ion etch (RIE). This is
achieved in substantially the same manner as is conven-
tional for sidewall spacers using LTO except a nitride
layer is deposited instead of a layer of LTO. After the
nitride layer is deposited, a subsequent JRIE results in
nitride remaining along sidewalls such as sidewalls 54
and 55. A channel implant is then performed using side-
wall spacers 56 and 57 as a mask to form a moderately-
doped region 59 under a portion 58 of polysilicon layer
47 which is between sidewall spacers 56 and 57. A
polysilicon gate 61 is then formed using selective
polysilicon deposition. Polysilicon gate 651 is thus over
portion 58 of polysilicon layer 47 and over channel
implant portion 59.

Regions 48 and 49 of LTO are then etched away
using sidewall spacers 56 and 57 and polysilicon gate 61
as a mask. This etch leaves portions 52 and §3 of
polysilicon layer 47 uncovered by sidewall spacers 56
and 57 and polysilicon gate 61. A heavy implant is then
performed using sidewall spacers 56 and 57 and polysili-
con gate 61 as a mask. The result of the etch and the
heavy implant is shown in FIG. 8. The implant results in
forming a heavily-doped region 62 under portion 52 of
polysilicon layer 47 and a heavily-doped region 63
under portion 53 of polysilicon layer 47. Portions 52 and
53 of polysilicon layer 47 are then etched away using
sidewall spacers 56 and 57 as a mask. This leaves a
portion 64 of polysilicon layer 47 under sidewall spacer
56 and a portion 66 of polysilicon layer 47 under side-
wall spacer 57. The result of this polysilicon etch is
shown in FIG. 9.

Nitride sidewall spacers 56 and 57 are etched away to
‘prepare for a light implant. A light implant is performed
to form a lightly-doped region 67 under portion 64 and
a lightly-doped region 68 under portion 66. The result is
an inverse-T transistor 69 shown in FIG. 10 comprises
of a source comprised of lightly-doped region 67 and
heavily-doped region 62, a drain comprised of lightly-
doped region 68 and a heavily-doped region 63, and a
gate comprised of polysilicon gate 61.
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Other variations derived from the structure of FIG. 7 -

are also possible. One variation is to etch the nitride
sidewall spacers prior to performing the heavy implant.
This can be done at other transistor locations on the
integrated circuit other than at portion 40 shown in
FIG. 7. In such case there would be formed a normal
transistor that is neither inverse-T nor LDD which may
be desirable. An example is the case of an integrated
circuit which has an electrically programmable read
only memory (EPROM) array portion which employs
floating gate transistors. Since EPROMs use hot elec-
trons for programming and whereas LDD transistors
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are used to reduce hot electrons, it is desirable that the
floating gate transistors which comprise the EPROM
array be non-LDD transistors. On the other hand, it
may be desirable for the transistors in the support cir-
cuits to be LDD transistors in which case it would be
desirable to have LDD and non-LDD transistors on the
same integrated circuit. This can also be true for any
CMS ‘integrated circuit in which it is desirable for the
N-channel transistors to be LDD and some or all of the
P channel transistors to be non-LDD transistors. In
CMOS where the P channel transistors may or may not
be non-LDD transistors, the etching away of the LTO
over the P channel transistors is blocked with photore-
sist while LTO over N channel regions, such as regions
48 and 49 of LTO, are being etched away. After the
heavy implant which causes regions 62 and 63, it has
been found to be desirable to perform an anneal. This
anneal must be performed before the light implant be-
cause the photoresist cannot withstand the anneal.
Thus, in the prior art, an additional masking step would
typically be required for the subsequent lightly-doped
source/drain implant. In forming the structure of FIG.
7 for an N channel transistor, LTO can still be over the
P channel transistors so the anneal can be performed
while retaining the mask over the P channel transistors.
Thus, the light implant can be performed on the N-
channel transistors while retaining the LTO mask over
the P channel transistors. For the P channel transistors,
the processing can be the same, except with the appro-
priate dopant type and species for a P channel transis-
tor, as shown in FIGS. 8-10 or can be modified by, for
example, removing the nitride spacers prior to the
heavy implant. Although another material than nitride
might be used for sidewall spacers 56 and 57, there is an
advantage to having the sidewall spacers be of a mate-
rial which is different than oxide so that there can be
selectivity between the etching of the LTO regions and
the sidewall spacers. Similarly, it may desirable to form
regions 48 and 49 out of some material other than LTO.

Shown in FIG. 11 is a portion 70 of an integrated
circuit at a stage in processing with a variation on the
process depicted in FIGS. 4-6. Portion 70 comprises
elements analogous to those of portion 10 of FIG. 3 as
follows; a P-substrate 71, a field oxide region 72, a field
oxide region 73, an active region 74 between field oxide
regions 72 and 73, a gate oxide layer 76 over active
region 74, a polysilicon layer 77 over gate oxide layer
76, a P channel region 78, a polysilicon gate 79. Follow-
ing the structure of FIG. 3, regions 18 and 19 of LTO
were removed. This is also done in obtaining the struc-
ture of FIG. 11. To obtain the structure of FIG. 4 there
was then a light implant. To obtain the structure of
FIG. 11, however, sidewall spacers 81 and 82 are
formed instead of performing a light implant. Sidewall
spacers 81 and 82 cover portions 83 and 84 of polysili-
con layer 77. A portion 86 of polysilicon layer 77 is
under polysilicon gate 79. This leaves a portion 87 and
a portion 88 of polysilicon layer 77 uncovered over
active region 74. A heavily-doped implant is then per-
formed using sidewall spacers 81 and 82 and polysilicon
gate 79 as a mask. The result of this implant is the forma-
tion of a heavily-doped region 91 under portion 87 of
polysilicon layer 77 and a heavily-doped region 92
under portion 88 of polysilicon layer 77 as shown in
FIG. 12. This is followed by etching away sidewall
spacers 81 and 82. This can be done at this stage because
polysilicon 77 protects gate oxide layer 76 during the
etch of sidewall spacers 81 and 82 which are typically
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LTO. After sidewall spacers 81 and 82 are removed, a
light implant causes the formation a lightly-doped re-
gion 93 under portion 83 of polysilicon layer 77 and a
lightly-doped region 94 under portion 84 of polysilicon
layer 77.

There is a thermal anneal performed following the
heavily-doped implant and before the light implant.
Performing the anneal allows the heavily-doped portion
of the source and rain structures to be driven in suffi-
ciently to accommodate a later formed silicide contact.
Also the anneal of the heavy N+ implant repairs lattice
damage which was caused by the heavy implant. The
light implant is, therefore, not subjected to the high
temperature thermal anneal of the heavy implant and is
thus more shallow. In addition, this anneal repairs the
silicon implant damage and this results in a lower dop-
ant diffusivity for the lightly-doped region. For the case
in which there are also P channel transistors being
formed on the same integrated circuit as that of portion
70, such regions where the P channel regions are being
formed are covered by LTO which acts as a mask dur-
ing the processing of the N channel devices. Thus, the
anneal can occur without requiring the removal of the
LTO mask which covers the P channel active regions.

Another possibility for the structure of FIG. 11 is to
selectively remove sidewall spacers. The structure of
FIG. 11, with vary channel lengths, at the particular
stage in processing would be present at all N channel
active regions. Some of the sidewall spacers, such as
sidewall spacers 81 and 82, could be removed prior to
the heavy implant. This is particularly useful in an inte-
grated circuit that has a floating gate array in which the
sidewall spacers in the array could be removed prior to
the heavy implant.

In the preferred embodiments shown, the first layer
of oxide is about 120 Angstroms in thickness, the first
layer of polysilicon is about 500 Angstroms in thickness,
and the selectively deposited polysilicon is about 3000
Angstroms in thickness. Other thicknesses may be
chosen as appropriate. The drawings in the FIGS. are
made to be easily comprehensible not to be precisely
proportional. For example, the selectively deposited
polysilicon is much thicker, proportionally, than is
shown in the FIGS. Also in this regard the heavily-
doped, lightly-doped, and channel regions are all shown
as being of the same depth. The relative depths of these
regions, however, may vary. The depths of these re-
gions are selectable according to the implant character-
istics which are chosen to achieve particular character-
istics associated with those implants.

While the invention has been described in specific
embodiments, it will be apparent to those skilled in the
art that the disclosed invention may be modified in
numerous ways and may assume many embodiments
other than those specifically set out and described
above. Accordingly, it is intended by the appended
claims to cover all modifications of the invention which
fall within the true spirit and scope of the invention.

We claim:

1. A device structure formed in an active region
bounded by field oxide in a substrate of a first type and
concentration at a stage in processing, comprising:

an insulator layer over all of the active region;

a polysilicon layer of substantially uniform thickness
over the insulator layer and over all of the active
region; and

a selectively-deposited polysilicon strip overlying the
polysilicon layer and an intermediate region of the
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active region leaving a first region of the active
region on a first side of the polysilicon strip and a
second region of the active region on a second side
of the polysilicon strip uncovered by the polysili-
con strip;

wherein said first and second regions are of the first
type and concentration of said substrate and said
intermediate region is of the first type and of a
concentration different from that of the substrate.

2. The device of structure of claim 1 wherein the
polysilicon strip is characterized as having a first side-
wall along the first die thereof and a second sidewall on
the second side thereof, further comprising:

a first sidewall spacer along the first sidewall, over
the polysilicon layer, and over a fourth portion of
the active region within said first region of the
active region; and

a second sidewall spacer along the second sidewall,
over the polysilicon layer, and over a region of the
active region within the second region of the active
region. '

3. A device structure formed in an active region
bounded by field oxide in a substrate of a first type and
concentration at a stage in processing, comprising:

an insulator layer over all of the active region;

a polysilicon layer of substantially uniform thickness
over the insulator layer and over all of the active
region;

a selectively-deposited polysilicon strip overlying the
polysilicon layer and a first portion of the active
region, said first portion being of the first type and
of a concentration different from that of the sub-
strate, said polysilicon strip having a first sidewall
and a second sidewall;

a first sidewall spacer having a vertical dimension and
a horizontal dimension and adjacent to the first
sidewall, over the polysilicon layer, and over a
second portion of the active region, said second
portion being of the first type and same concentra-
tion as the substrate,

a second sidewall spacer having a vertical dimension
and a horizontal dimension and adjacent to the
second sidewall, over the polysilicon layer, and
over a third portion of the active region adjacent to
said first portion of the active region, said third
portion being of the first type and same concentra-
tion as the substrate,

a forth portion of the active region characterized as
being adjacent to the second portion of the active
region and of a second type and concentration; and

a fifth portion of the active region characterized as
being adjacent to the third portion of the active
region and of the second type and concentration.

4. A device structure formed in an active region
bounded by field oxide in a substrate of a first type and
concentration at a stage in processing, comprising:

an insulator layer over all of the active region;

a first polysilicon strip of substantially uniform thick-
ness over the insulator layer and over a first portion
of the active region;

a selectively-deposited second polysilicon strip over-
lying a first portion of the first polysilicon strip
over the active region, said second polysilicon strip
having a first sidewall and a second sidewall;

a second portion of the active region coterminous
with the first portion of the first polysilicon strip
and of the first type and a concentration different
from that of the substrate;
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a first sidewall spacer having a vertical dimension and
a horizontal dimension and adjacent to the first
sidewall, over a second portion of the first polysili-
con strip, and over a third portion of the active

' region, said third portion of the active region being 5

of the first type and same concentration as the
substrate;

a second sidewall spacer having a vertical dimension
and a horizontal dimension and adjacent to the
second sidewall, over a third portion of the first
polysilicon strip, and over a fourth portion of the
active region which is adjacent to said second por-

15

20

25

30

35

45

50

55

65

10
tion of the active region, said fourth portion being
of the first type and same concentration as the
substrate;

a fifth portion of the active region characterized as
being adjacent to the third portion of the active
region and of the second type and concentration;
and

a sixth portion of the active region characterized as
being adjacent to the fourth portion of the active

region and of the second type and concentration.
x x * % %
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